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Abstract

This is an update of a proposal for a coincidence measurement of
K* and p from the reaction yp — KA, A" = pr~. We request
15 days of beam time in Hall A to measure the recoil A° polarization
components I}, P, and P,, and to obtain simultaneously the coinci-
dence cross section, plus 2 days for energy changes and systematics
checks.

Our aim is to investigate the reaction mechanism, at large mo-
mentum transfers and well above the resonance region. In our view,
the most interesting possibility is that semi-phenomenological skewed
parton distribution techniques will allow an explanation of the data,
and will yield information about the spin structure of the nucleon and
A®. The strength of this proposal is the use of the self-analyzing decay
of the AY to probe the spin structure of the reaction mechanism at all
accessible momentum transfers.

Spin structure information should provide severe constraints on
possible physics models, but no high —¢ polarization data exist for any
photo-reaction. With the large luminosities available at CEBAF, we
can now obtain excellent quality spin observables, and eross sections,
at large —t, where quark models should be applicable.

The original version of this proposal was deferred by PAC 14. For
PAC 16, we have revised the proposal based on the comments of PAC
14 and subsequent development work.

1 Introduction

This experiment, 98-106, was deferred by JLab PAC 14. At that time, we
requested 27 days to measure cross sections and recoil A® polarizations in
K+A° photo-production, for beam energies from 3 to 6 GeV and angles
between 50° and 130° in the center of mass. Several concerns were expressed
by PAC 14.

Since that time, we have continued development for the proposal, in par-
ticular by performing electro- vs. photo-production calculations and by per-
forming a brief experimental test measurement. These results will be pre-
sented in more detail in the body of the proposal. The comments of PAC 14,
along with brief responses to them, include the following:



Considerable time is requested for changing spectrometer settings
and background (Cu radiator out) runs ... The PAC does not believe
that the physics motivation stated in the proposal justifies the run
time requested ... o better use of beam time, such as reducing the
number of background runs {for evample, through calibration of the
real vs. virtual photon spectra) could be made to address these goals.

We have made several efforts to reduce the fraction of time spent on con-
figuration changes and background measurements. First, we have encoded
the formalism of Tiator and Wright, to calculate the relative contribution
from electro- and photo-production. After examining data for several re-
actions, we have concluded that it is not necessary to measure the electro-
production generally, as we proposed before. We do propose brief electro-
production measurements, requiring about 15% of our beam time, in several
kinematics, to provide a calibration for the calculations. Second, we have
revised the run plan to span close to the same kinematic range with fewer
data points, thus allowing the experiment to be scheduled more efficiently
and run in a shorter time. These changes result in a significant decrease
in the beam time and overhead request, with only minimal impact to the
quality of the data. See sections 4 and 5.

There is some concern that the multiple spectrometer settings re-
quired may degrade the accuracy of the measurements.

It should be noted that the technique described here has been used for a
number of other reactions in the past. An example is the E94-014 A form
factor measurements of Stoler ¢f al., which varied one of the two Hall C
spectrometers across the A decay cone to determine the decay angular dis-
tribution. If the spectrometer acceptance is not well understood, there exist
mechanisms by which structures in the cross sections / false asymmetries
can be induced in the data. We have concluded both from our Monte Carlo
simulations and test data that the A° polarization may be reliably extracted.
See section 4.

The PAC believes that the physics goals should be sharpened . ..
We propose to study K "A® photoproduction in kinematics in which quark

physics is applicable. We choose this reaction due to the simple spin struc-
ture of the A°, which simplifies the theoretical interpretation. We focus on
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determining the reaction spin structure, because no more discriminating test
of reaction dynamics exists. See section 2.

We call attention to the collaboration that there may soon exist data
relevant to this proposal from CLAS.

Hall B experiment 89-004 was mentioned in our original proposal; we
have spoken with the Hall B collaboration about the status of these data.
See section 3.

In the following sections of the proposal, we discuss the physics motiva-
tions, related experiments, and experimental procedures in detail.

2 Motivation

2.1 Summary

We propose to study KA photo-production well above the resonance re-
gion, W = /s > 2 GeV, and at high momentum transfer, —¢ > 1 GeVZ.
Our primary goal in these measurements is to investigate the spin structure
of the reaction by obtaining precise recoil A? polarization data. These data,
and the cross sections obtained at the same time, will provide tests of several
models in which predictions have been made. In our view, the most interest-
ing possibility is that none of these models are applicable, but the data can
be understood with recently developed skewed parton distributions, which
leads to implications for the spin structure of the nucleon and A°.

The current status of K™A® photo-production above the resonance region
is as follows. No large —t polarization data exist in this, or any other, photo-
reaction. The small amount of relatively poor cross-section data that exists
above the resonance region has not made obvious what is the underlying
physics. The few cross sections for —¢ > 1 GeV? can be taken as evidence
for

the validity of Regge theory extended to higher —# [1],
the applicability of perturbative QCD [2], or

the diquark model [3].



Regge theory calculations approximately reproduce small —t spin observables
and cross sections. However, as s, —f, and —u, grow large relative to 1
GeV?, one expects the reaction dynamics must be described in terms of
quark degrees of freedom.

The most interesting possibility arises from the recent explosion in calcu-
lations using skewed parton distributions. Several calculations that have ap-
peared indicate that, in or near the CEBAF kinematic range, exclusive reac-
tion cross sections factorize into a product of a hard-scattering amplitude and
soft wave function physics, represented by the parton distributions. Theoret-
ical studies have been performed for pseudoscaler meson electro-production
[4], Compton scattering [5] and other reactions. The general difficulty we
see is the experimental inability to determine the spin structure of most re-
actions, which will likely lead to the experimental results being somewhat
inconclusive. The main differentiating feature of this proposal is that we
measure precise spin observables in all of our kinematics; no more discrimi-
nating test of reaction dynamics exists.

2.2 Spin Observables

In this experiment, we use a polarized beam, and measure the three compo-
nents of the A% recoil polarization. The component normal to the reaction
plane is independent of the beam helicity, and results from the imaginary part
of the interference of helicity-violating and helicity-non-violating amplitudes.
The in-plane components result from polarization transfer. The longitudinal
component is a sum of squares of helicity amplitudes. The transverse compo-
nent arises from the real part of helicity-violating and helicity-non-violating
amplitude interference.

For spin observables, cne expects to approximately recover the constituent
quark model results for exclusive reactions. This is of particular interest for
K* A" photo-production, as in the constituent quark model the spin is largely
carried by the strange quark. If the factorization of the reaction amplitude
into a hard scattering meson production and soft wave function physics takes
place, then the spin structure of K*AY photo-production should be very
similar to that of K* production from a quark; this is exactly calculable in
the hard scattering limit. One of our goals is to measure the spin structure
s0 as to experimentally test whether this factorization is applicable.

The result of the hard-scattering calculation is a function of the kinematic
variables, and is shown as the ACW calculation|[6] in Fig. 1. The 4 and 6
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Figure 1: Polarization calculations for Yp — KA. See text for details.

GeV limits use kinematic variables calculated for these beam energies; the
calculation for a massless quark is equivalent to the high beam energy limit.

Arguments based on PCAC (partially conserved axial current) combined
with skewed parton distributions lead to a suppression of the spin-flip ampli-
tudes, relative to non-flip, that goes like 1/¢. In Fig. 2, the induced polariza-
tion data plus the Regge theory calculation (see below) give the impression
that the helicity-violating amplitudes are decreasing with —t; the lack of
precise measurements and of other spin observables prevents any strong con-
clusion.

One of the major goals of this proposal is to measure the helicity-violating
normal and transverse components of the AY polarization. The momentum
transfer —t ranges from about 1 to 6 GeV?, and should allow a check of if, and
how, the spin-flip amplitudes vanish. Another major goal of this experiment
is to measure the longitudinal polarization transfer to the A%, which can be
compared to the calculations for K production from a quark, and from other
models, discussed below.

2.3 Regge theory

Guidal, Laget, and Vanderhaeghen [1] have constructed a Regge trajectory
model, with a stated intention of providing guidance in interpretation of
large —t, large W data. At low momentum transfers, they model exchanges
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Figure 2: Regge theory calculation for 5 GeV A induced polarization, com-
pared to data.

of particles with the same quantum numbers by using a Regge propagator.
The model includes 7(07), p(17), w(17), and B(1%) exchange. s, t, and u
channel diagrams are all included to preserve gauge invariance. The model
provides qualitatively good agreement for cross sections and spin observables
at small —¢, for photon energies from about 3 up to 16 GeV.

Simply extending the model to large momentum transfer however is not
sufficient to reproduce the larger —t cross section data; no large —f polariza-
tion data exist. By introducing a saturating Regge trajectory, that asymptot-
ically approaches -1 as ¢ — —o0, they attempt to reproduce the asymptotic
behavior expected from pQCD. The resulting induced polarization for the
A% at E, = 5 GeV is shown in Fig. 2; a cross section prediction for 4 GeV is
shown in Fig. 3. Data are from {7, 8, 9]. One of the conclusions of {1] is the
following: It is clear that polarization observables are a very sensitive tool to
study this transition domain, from partonic to hadronic degrees of freedom,
Sfrom pQCD to effective hadronic models.
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Figure 3: Regge theory calculation for 4 GeV K*A® photo-production cross
sections.

2.4 Quark models

Perturbative QCD calculations [2] were performed for this and other reac-
tions several years ago. These calculations are controversial, as there are
questions about convergence, correctness, and applicability. Here, we as-
sume that the calculations are relevant, and note two interesting features.
First, the calculations possess an interesting spin structure, as there are can-
cellations in the various helicity amplitudes. The calculation assumes helicity
conservation, so only the longitudinal polarization of the A is nonzero; pre-
dictions for the longitudinal spin transfer are in Fig. 1. Second, calculations
from many reaction channels show sensitivity in the magnitude of the cross
sections to the input distribution amplitudes (DAs), with cross sections often
varying an order of magnitude or more depending on the choice of distribu-
tion amplitudes. But, too, in pion photo-production studies, different choices
of distribution amplitudes can lead to similar cross section predictions, and
still give quite different polarization observables. This indicates again the ef-
fectiveness of polarization observables. Fig. 4 includes the pQCD calculation
(long dash), which falls significantly below the large-angle data. Any further
pQCD calculations by this group appear unlikely at this time.



The diquark model [3] is a semi-phenomenological quark model. The reac-
tion is modeled by the separation of the baryon into a quark + diquark, with
a hard scattering of the photon from the single quark. The hard scattering
is treated perturbatively. Early versions of the model have assumed helic-
ity conservation, but calculations are currently underway {10] that attempt
to include helicity-violating amplitudes. The longitudinal polarization cal-
culation, assuming helicity conservation, is shown in Fig. 1, labelled KSPS.
These calculations show large sensitivity to the choice of distribution am-
plitude, but, as described below, the calculation with a Chernyak-Zhitnisky
(CZ) type distribution amplitude is ruled out by cross-section data.

Diquark model cross-section calculations are shown in Fig. 4. The cal-
culation with CZ distribution amplitudes (short dash) is significantly above
the data. The two calculations nearest the data use asymptotic distribu-
tion amplitudes, and are for 4 (double-dot dash) and 6 (solid) GeV incident
energies. Scaling violations near 40 % are evident in this model, over this
energy range. The asymptotic distribution-amplitude calculations appear
to be in good agreement with the cross sections. However, it remains to
be seen whether the polarization prediction also agrees with our proposed
measurements.

2.5 Skewed parton distributions

Skewed parton distributions provide a more general framework than the di-
quark model for implementing the idea that the reaction amplitude factorizes
into an amplitude for hard scattering from a single quark, times a structure
matrix element for removing (inserting) a quark from (into) a hadron. The
skewed parton distributions can be diagonal, if the proton remains a proton
(e.g., for Compton scattering), or off-diagonal (e.g., for yp — KA), and can
represent spin-flip as well as spin-non-flip processes.

At present, microscopic models for the parton distributions do not gen-
erally exist, but there are simple, not unreascnable, functional forms that
have been employed to fit, e.g., the proton F; [5] and F, [11] form factors.
Exclusive reaction amplitudes involve an integral over all 2 of the parton
distribution, and thus one is sensitive to moments of the distribution.

Preliminary results [12] of recent calculations of K*+A° photo-production
cross sections are similar in magnitude to the pQCD calculations shown in
Fig. 4. As described above, these calculations split the reaction into per-
turbative meson production from a quark, times soft wave-function physics

9




101t g
4 Kk=4GeV
1010 - A k=6GeV

10°

107 F

s’ da/dt [nb GeV'?]
=
T

108

T

105
-08 -04 0 04 08

cos{0)

Figure 4: Diguark model and pQCD calculations for 7p — K+A°, compared
to existing data.

described by the skewed parton distributions. The formalism of skewed par-
ton distributions can be expanded to describe the meson production through
the overlap of light-cone wave functions without perturbative hard gluon
exchange. Such calculations are now underway, and are expected to have
different spin structure.

2.6 Summary

Our focus in this proposal is the use of spin observables to examine the
prospect that moderate —t photo-reactions may be explainable in terms of
quark physics. The best reaction mechanism constraints come from spin
observables, coupled with cross sections; here we take advantage of the self-
analyzing decay of the A° to precisely determine the spin structure of K+A°
photo-production over the currently accessible kinematic range. For helicity
transfer, this reaction channel is the only one for which spin observables may
be extracted over such a large kinematic range. Extension of this proposal to
8 GeV [13] is feasible with existing equipment, and to =12 GeV is possible
with Hall D. We intend such an extension, if the results of this proposal are
sufliciently interesting,.

10



Calculations are available in several models. Most previous work assumes
helicity conservation, but newer calculations without this assumption should
soon be available. One of our major goals is to test helicity conservation
in the region where cross sections approximately scale, to see if and how
helicity violating amplitudes vanish. We are sensitive to both real and imag-
inary parts of the helicity-violating / helicity-conserving interference. If the
skewed parton distribution framework is indeed applicable, these measure-
ments will also allow access to the spin-flip and non-spin-flip polarized parton
distributions.

In Fig. 1, we showed various calculations for the longitudinal polariza-
tion transfer. The second major goal is to test these, and possible future,
calculations. The diquark model (KSPS) calculations show sensitivity to
the choice of asymptotic or CZ distribution amplitudes. The calculations
for meson production from a quark {(ACW) show the gradual energy depen-
dence one expects for KA photo-production, if the reaction dynamics can be
treated as hard meson production from a quark. The advantage of the A? is
its simple spin structure in polarization transfer, which simplifies theoretical
interpretation.

3 Related Experiments

"The closest existing experiment is Hall B experiment, 89-004 (R. Schumacher
et al.), which studies photo-production of K tA® as well as other channels.
We have discussed the status of this experiment with R. Schumacher:

a) Data were taken with high-polarization 1.8-GeV beam during 1998.

b) Analysis is underway, with polarization results expected around mid
2000.

¢) More data are scheduled to be taken with high-polarization 3.29-GeV
beam around October 1999.

d) No measurements are approved or planned for higher energies.

Our mutual opinion was that this proposal and E89-004 are complemen-
tary experiments. In particular, having some overlapping data near 3 GeV
would be beneficial, due to the differing equipment, binning of the data, and
resolutions and precisions of the equipment.
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4 Experimental Details

4.1 Kinematics and Uncertainties

Our kinematic coverage is based on the observation that, in quark models,
spin observables have only a slow variation with energy. As 5.5 GeV is the
largest energy at which CEBAF experiments have run to date, we propose
to measure at 3.3, 4.4, and 5.5 GeV, corresponding to 3, 4 and 5 pass beam.
(If higher energy is available, we will run with the higher energy 3, 4, and
5 pass beam.) For angle coverage, we choose the widest range of center of
mass angles which can be covered at all these energies in Hall A, from about
30 to 110 degrees. (The mismatch in momentum capabilities of the Hall C
spectrometers would limit a Hall C experiment to extreme forward or extreme
backward angles. These experiments are difficult at large angles in Hall B
due to factors such as the ~ 10° reduction in luminosity with the photon
tagger and the K/m separation being limited to 2 GeV/c.) This coverage
will provide a large kinematic range above the region of discrete resonances,
with a modest number of settings.

4.2 Setup

The experimental setup is indicated in Fig. 5. The 25 pA, 80% longitudinally-
polarized electron beam strikes a copper radiator, producing a ~0° spin-
longitudinal, circularly-polarized bremsstrahlung-photon beam, with maxi-
mum energy essentially equal to the electron kinetic energy. The helicity of
the photons is [6, 14]

x(4 - ) )
4 — 4z + 3z
with * = E,/E,. The photon polarization is equal to the incident electron
polarization to within a fraction of a percent for this experiment. The tar-
get, located downstream of the radiator, is irradiated by both the photons
and unscattered electrons. The Bremsstrahlung radiator was commissioned
during April 1999, thus we do not discuss it in any detail here.

We measure ¥p — K 1A by detecting in coincidence the K+ and the
proton from the A — pr~ decay in the two Hall A high-resolution spec-
trometers. They have been calibrated and successfully used during several
experiments. From these particles we can reconstruct the beam energy, and

PW/Pe:
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reaction plane

decay plane

Figure 5: Basic setup for the yp — KTAY experiment.

the missing 7~ energy, momentum, and mass, allowing us to identify K+A°
production.

4.3 DPolarization and Cross Sections

The A — pr~ decay is used to measure the A° polarization. This decay
channel has a 63.9 £ 0.5% branching ratio, and is self-analyzing with an
angular distribution in the A rest frame of 1 + AP, cosf,5. Here 6,5 is the
angle between the proton and the A spin direction, A = 0.642 + 0.013 is the
analyzing power, and P, is the magnitude of the A° polarization.

Measurement of the A® — pm~ decay cone must be corrected for accep-
tances and efficiencies, even with a large solid angle detector. Once these
corrections are made, there are no false asymmetries, and the three spin
components of the A® polarization may be analyzed independently. One
then generates cos# distributions with respect to each of the three axes, !,
t, and 7, and fits with the expression given above, to determine the three
polarization components.

It is also possible to determine the polarization by measuring a fraction

13



of the decay cone, if the acceptance is understood. For the studies pro-
posed here, the limited vertical acceptance of the spectrometers generally
prevents us from covering the entire decay cone. Monte Carlo acceptance
corrections are necessary and sufficient to extract the polarization. With the
Hall A spectrometers, limiting the number of kinematics settings to a frac-
tion of the decay cone also reduces the overhead associated with adjusting
the configuration. However, care must be taken in the analysis; it can be
seen that the longitudinal polarization component is coupled to the proton
momentum, and the normal component introduces a helicity independent
forward-backward asymmetry given our limited vertical acceptance.

In this coincidence measurement, the A° polarization and the KtA° cross
section are extracted simultaneously.

4.4 Test Measurement and PID

During April 1999 we performed a test measurement of (€ 4 7)p — K+A°
photo-production in Hall A. The beam energy was 3.355 GeV, and the K+
was detected at about 36° and 1.75 GeV/c, corresponding to 902,.. This
corresponds to —t &~ 2.4 GeV?, making this the highest momentum transfer
photo-reaction polarization measurement to date. The K1 survival fraction
in these kinematics is 15%. The hadron arm was varied over the A® decay
cone, with momentum settings in the range of 1.3 to 2.1 GeV /e, and angle
settings from about 26 to 34 degrees. Beam current was 25 pA.

Detection of two positively-charged high-momentum particles reduces sin-
gles rates and coincidence backgrounds. In these kinematics, singles rates for
the “K™” arm were typically 3 kHz, and singles rates for the proton arm var-
ied from about 5 kHz to 90 kHz; rates were higher at lower momentum and
more forward angles. The single-spectrometer triggers were each prescaled
so that about 200 Hz of events were read in. Thus, the data acquisition dead
time was never more than a few percent, and few coincidences were lost.

True-coincidence rates were a few Hz, and included both #+ and K™ in
the electron arm (set to positive polarity) in coincidence with protons in
the hadron arm. Random coincidence rates were also generally a few Hz,
increasing to 40 Hz in the worst kinematics.

As the Aerogel Cerenkov detectors had been removed from the spectrom-
eter detector stack for the HAPPEX experiment setup, no useful PID was
available within the detector stacks, but the coincidence time-of-flight dif-
ference of 3 ns between Kp and np was sufficient to allow separation of the

14



400

300

s o oo b bvvv g b bvewn by ey g by gy g bygag

160 1625 163 1675 170 1725 175 1775 18O 1825 185

All events

120

10Q

80

60

40

TTT [ TP TT T T T Trm]

2¢

rav v by s b by gy 4y

v By b e s

o | BN
180 1B62.5 185 167.5 170 1725 175 1775 1BO 1B2.5 185

Cut on photon energy and rr missing mass

Figure 6: Corrected coincidence time, summed over all settings, during the
test measurement. The Kp (wp) peak is to the left (right). The peaks are
1.8 ns wide (FWHM) and 3.0 ns apart. Top panel: ungated. Bottom panel:
gated on pion missing mass.

different reactions - see Fig. 6. We observed that the mp true coincidence
rate was several times that for K'p, and that the K'p true coincidence rate of
a few tenths of a Hz was in line with our expectations.

From the perspective of count rates, the test measurement was performed
in very difficult kinematics, at low energies with high singles rates and small
K survival fractions. Both singles and random coincidence rates are much
reduced at higher energies, and the K/x ratio improves. The tests demon-
strate the feasibility of the measurements, confirming our statements from
the original proposal that particle identification information is not needed in
the hardware trigger, and that random coincidences are not a problem.
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From the perspective of particle identification, the test measurement
demonstrates that the experiment may be done at low momentum using only
the spectrometer scintillators and wire chambers. The coincidence between
the spectrometers improves the K/ ratio from <102 to ~0.25. Applying
cuts on the reconstructed missing mass and the photon energy, to remove
any KX events, further improves the ratio a factor of 4 to ~1 - see Fig. 6.
Time-of-flight separation is then sufficient to reduce 7 contamination to safe
levels. The missing mass of the undetected 7, is shown in Fig. 7. While
7p events reconstruct to a broad distribution, the Kp events reconstruct to
a several MeV wide peak at the pion mass.

Larger K survival fraction and lower rates improve experimental condi-
tions at higher energies, but better particle identification is needed. We plan
to take advantage of Hall A upgrades.

¢ New diffusion-box Aerogel detectors are under development. The pair
of Aerogels, with n = 1.015 and 1.055, would provide clean separation
up to about 3 GeV/c, and > 2 ¢ separation at higher momenta.

« Hall A scintillator timing is being improved this year, from ~0.5 ns to
~0.1 ns. This will initially be implemented on a single arm, and will
allow, by measuring the beam RF timing relative to the trigger, particle
identification. The K /7 separation decreases with momentum, and is
0.6 ns at 4 GeV/c. Due to the 2 ns beam pulse separation, however,
there is no K/n separation when the momentum reaches about 2.15
GeV/c, where the time difference is 2 ns. Coincidence time of flight
will also be improved by this upgrade.

e A RICH detector planned for use in the Hall A hypernuclear exper-
iment, which is tentatively expected to run in the fall of 2000, may
further improve K/m separation.

4.5 Electro-production background

Several articles have been published by Tiator and Wright [15], and others,
on the relationship between photo- and electro-processes. The essential ob-
servation is that electro-processes are dominated by the transverse response
function; an integral over all electron scattering angles eliminates the TT’
and LT’ response functions, and the longitudinal response function is as-
sumed to be small. The electro-production cross section is then related to
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Table 1: Comparison of calculated to measured rates for n° photo- and
electro-production for different radiator thicknesses during the Brem radi-
ator test. The numbers presented are ratios of the radiator-in rale to the
radiator-out rate.

foil calculated rate measured rate

out =1 =1

2% 1.50 1.60 £+ 0.08
3% 1.75 1.89 £+ 0.10
4% 1.99 2.13 + 0.11
5% 2.24 232 4+ 0.12
6% 2.49 2.54 4+ 0.13

the photo-production cress section by kinematic factors and the calculated
virtual photon spectrum. The forward peaking approximation is not nec-
essary, and leads only to small errors. Comparison with full calculations
indicates that neglect of other response functions is a small correction for
cross sections, typically no more than a few percent.

We have encoded the formalism of Tiator and Wright, and tested our
calculations against test data taken in Hall A during April 1999, as part
of the Bremsstrahlung radiator commissioning, and for the K*A° photo-
production test.

The Bremsstrahlung radiator test looked at vp — p#° rates as a function
of radiator thickness. The normalized yields are compared to the expected
electro- + photo-production rates in Table 1, and can be seen to compare
well.

A similar comparison can be done for the ratio of photo- to electro- pro-
duction of KTA®. The expected ratio of count rates for the radiator-in and
radiator-out data is about 2.4. The ratio can be measured separately for each
of the proton-arm settings, and should be the same — assuming the photo-
and electro-production gives the same A® polarization. Preliminary analysis
indicates that the ratio is about 3.0 =+ 0.2, averaged over all settings, and
consistent with being independent of the settings.

Table 2 shows the expected ratio of photo- to electro-production processes
for the kinematics of this proposal. It can be seen that the ratio varies
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Table 2: Estimated ratio of K¥A® photo- to electro-production rates, for a
6% radiator,

Bem
E, (GeV) 50° 70° 90° 110°

3.3 3.42 261 1.81 1.14
4.4 3.35 2.50 1.67 1.00
5.5 3.02 243 1.59 0.92

strongly with scattering angle, but only slowly with energy.

Our conclusion from these observations is that some data are needed to
test the correct normalization of the calculations relative to the data for our
proposed measurements, but that it is not needed to obtain this data in all
kinematics. Since the ratio varies strongly with angle, we propose to measure
the electro-disintegration versus angle at the lowest-energy kinematics, which
has the fastest run times, and for a small number of settings at the higher
energy kinematics.

4.6 Summary of Developments

As indicated above, the test measurement provided us with significant data
concerning the feasibility of the current measurement, and data plus electro- /
photo-calculations have provided confidence that it is not needed to measure
electro-disintegration in all kinematics. At this stage, while the analysis is
too preliminary to report either cross section or polarization results, we note
the following:

e Particle identification issues are under control.

e Kp coincidence rates were about as expected, ignoring details of how
the A® decay phase space and polarization interact to change the rates
between the various kinematics settings.

e We are currently working on extracting preliminary polarization num-
bers.

A more complete analysis will be available for the PAC meeting.
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5 Time Estimates

In the kinematics of this proposal, shown in Table 3, K+ cross sections are
known to about a factor of two. We assume an 80% longitudinally polarized,
25 pA electron beam, with a 6% radiator. The time estimate in Table 3
assumes a 15 cm (1.08 g/cm?) liquid hydrogen target. For a point target, the
spectrometer solid angle is about 6 msr. The extended target has y-target
acceptance of £5 cm, and a smaller average solid angle. We also put in a
particle detection / tracking efficiency of 80%, and a K survival fraction for
each kinematics.

The data taking time request is summarized in Table 4. The time shown
is sufficient for detection of coincidence events. Because of the width of the
A decay cone, typically 4 to 10 angle / momentum settings of the proton
spectrometer are needed for coincidence measurements, to sample the decay
cone sufficiently so that reliable polarizations can be extracted. There are
usually 1 - 2 angle settings and 3 - 5 momentum settings for the proton,
for each kaon setting. We request time to determine the polarization to
~ £ 0.06; this requires = 2000 K*A° coincidence events. Slightly higher
statistics are requested in the forward angles. This number of counts leads
to coincidence cross sections with ~ 2 % statistical uncertainties, smaller
than our anticipated systematic uncertainty of ~ 5 %.

The beam time corresponds to 15 days at 100% beam availability. There
is also an overhead time associated with changing the number of passes of
beam delivered to the halls, with spectrometer configuration changes, and
with additional systematics measurements such as Mgller beam polarization
measurements, current calibrations, beam energy measurements, etc. It is
generally possible to save beam time by making configuration changes of the
spectrometers coincide with either the systematics studies mentioned above,
or with daily systems checks, maintenance days, and accelerator down times;
thus little dedicated time is required for spectrometer configuration changes.
We do request 2 days of overhead, one for the energy changes, and one for
the systematics checks.
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Table 3: Kinematies and counting time for 1000 kaon singles (not K*p
coincidences) from yp — KA. The rates are based on existing experimental
data, along with additional assumptions specified in the text.

E, Bem O+ Pr+ time 6, range  p, range —t
[GeV] [deg] [deg-lab] [GeV/c] [hours]  [deg] [GeV/e]  [GeV/c]?
3.3 50 17.8 2.53 0.1 43.5+9.6 0.73—1.19 0.9
70 26.3 2.15 0.1 36.2+6.8 1.09—1.66 1.6
90 36.3 1.71 0.2 28.7+£5.2 1.45—2.15 24
110 48.8 1.27 0.5 21.7£4.2 1.79-2.61 3.1
4.4 50 15.9 3.46 0.1 43.3+7.9 0.92—1.44 1.2
70 23.6 291 0.2 35.0+£5.4 1.39—-2.07 2.2
90 32.8 2.29 0.5 27.3£4.0 1.88—2.74 3.4
110 44.6 1.66 1.3 20.3£3.3 2.35—3.38 4.5
3.0 a0 14.5 4.37 0.1 42.44+6.7 1.10—1.68 1.6
70 215 3.66 04 33.6+4.5 1.68—2.47 29
90 30.1 2.85 1.2 25.843.3 2.30—3.31 4.4
110 41.2 2.04 3.1 19.0x2.7 2.89—4.14 2.9
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Table 4: Summary of beam time request. The times given are for the number
of K* + p coincidences in the table. This includes the factor of 63.9% A°

decay into the =~ p channel.

E, O coinc (K*+p) e+ time e background time
[GeV] [deg] [hours] [hours]
3.3 50. 4000 22 14
70. 3000 10 7
90. 2000 10 7
110. 2000 19 14
all @ 61 42 103 — 4.5 days
4.4 50. 4000 17 11
70. 2000 11 -
90. 2000 19 -
110. 2000 37 -
all 34 11 95 — 4 days
5.5 50. 4000 14 9
70. 2000 16 -
90. 2000 34 -
110. 2000 78 -
all @ 142 9 151 — 6.5 days
all £, all @ 15 days
energy changes, systematics 2 days
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